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ORIENTING THE POSITION OF A SENSOR 

BACKGROUND 

A real -time depth camera is able to determine the distance 
to a human or other object in a ?eld of view of the camera, and 
to update the distance substantially in real time based on a 
frame rate of the camera. Such a depth camera can be used in 
motion capture systems, for instance, to obtain data regarding 
the location and movement of a human body or other subject 
in a physical space, and can use the data as an input to an 
application in a computing system. Many applications are 
possible, such as for military, entertainment, sports and medi 
cal purposes. Typically, the depth camera includes an illumi 
nator which illuminates the ?eld of view, and an image sensor 
which senses light from the ?eld of view to form an image. 
However, challenges exist such as properly orienting the 
depth camera such that the target object is properly in the ?eld 
of view. 

SUMMARY 

Techniques are provided for orienting one or more sensors 
that may be used to collect depth information. The sensor(s) 
may be part of a depth camera system that has other sensors 
such as an RGB camera. The depth camera may have a motor 
to adjust the position of the sensor such that the sensor’ s ?eld 
of view can be altered. An adjustment to the sensor’s ?eld of 
view may be made automatically based on an analysis of 
objects in a depth image. The re-orientation process may be 
repeated until a desired orientation of the sensor is deter 
mined. 
One embodiment includes a method of orienting a sensor 

in a depth camera. The method may include generating a 
depth image from the sensor, and determining one or more 
potential targets based on the depth image. One of the poten 
tial targets may be selected as a candidate object to track with 
the sensor. A determination may be made whether to re-orient 
the sensor the present orientation of the sensor and a position 
of the candidate object in the ?eld of view. The sensor is 
re-oriented the sensor if it is determined to do so. The fore 
going may be repeated until it is determined not to re-orient 
the sensor. 

One embodiment includes an apparatus comprising a depth 
camera having one or more sensors for collecting depth infor 
mation, and logic coupled to the depth camera. The logic 
generates a depth image from the depth information. The 
logic determines one or more potential targets based on the 
depth image. The logic selects one of the potential targets as 
a candidate object to track with the sensor. The logic deter 
mines whether to re-orient the one or more sensors based on 

the present orientation of the one or more sensors and a 

position of the candidate object in the ?eld of view. The logic 
re-orients the one or more sensors if it is determined to do so. 

The logic repeats the generating depth information, the deter 
mining one or more potential targets, the selecting, the deter 
mining whether to re-orient the one or more sensors, and the 
re-orienting the one or more sensors until it is either deter 
mined that a current candidate object is properly within the 
?eld of view or that there are no potential targets. 
One embodiment includes a method of orienting a depth 

camera having a ?eld of view and one or more sensors. The 
method includes: a) generating a depth image from the depth 
camera; b) determining Zero or more potential targets based 
on the depth image; c) determining whether to re-orient the 
?eld of view of the depth camera if Zero potential targets were 
determined; d) re-orienting the ?eld of view of the depth 
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2 
camera if it is determined to re-orient when Zero potential 
targets were determined; e) selecting one of the potential 
targets as a candidate object to track with the one or more 

sensors; f) determining whether to re-orient the ?eld of view 
of the depth camera based on the present orientation of the 
sensor and the candidate object; g) re-orienting the ?eld of 
view of the depth camera if it is determined to do so; and 
repeating a) through g) until it is determined that the ?eld of 
view of the depth camera should not be re-oriented. 

This summary is provided to introduce a selection of con 
cepts in a simpli?ed form that are further described below in 
the description. This summary is not intended to identify key 
features or essential features of the claimed subject matter, 
nor is it intended to be used to limit the scope of the claimed 
subject matter. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1A depicts an example of a motion capture system. 
FIG. 1B depicts an example of a motion capture system 

from a side view. 
FIG. 2A depicts an example block diagram of the motion 

capture system of FIG. 1A or 1B. 
FIG. 2B depicts an example block diagram of the motion 

capture system of FIG. 1A or 1B that uses a hardware imple 
mentation for logic in the depth camera. 

FIG. 3 is a perspective view of one embodiment of a depth 
camera system. 

FIGS. 4A-4C depict side sectional views of the depth cam 
era system of FIG. 3, taken along line A-A'. 

FIGS. 5A-5C show three example angles at which the main 
body of a depth camera might be positioned. 

FIG. 6A is a ?owchart of one embodiment of a process of 
orienting a sensor. 

FIG. 6B is a ?owchart of one embodiment ofa process of 
orienting a sensor when no potential targets are found. 

FIG. 7 is a ?owchart of one embodiment of a process of 
generating depth information. 

FIG. 8 is a ?owchart of one embodiment of a process of 
determining potential targets to be tracked. 

FIG. 9 is a ?owchart of one embodiment of a process of 
selecting a candidate object. 

FIG. 10 is a ?owchart of one embodiment of a process of 
instructing a user to move to a new location while a sensor is 

being oriented. 
FIG. 11 is a ?owchart of one embodiment of a process of 

orienting the sensor to better track a candidate object. 
FIG. 12 is a ?owchart of one embodiment of a process of 

determining a position of the sensor. 
FIG. 13 depicts an example block diagram of a computing 

environment that may be used in a depth camera. 
FIG. 14 depicts another example block diagram of a com 

puting environment that may be used for the motion capture 
system of FIG. 1A. 

DETAILED DESCRIPTION 

Techniques are provided for re-orienting a ?eld of view of 
a depth camera having one or more sensors. The depth camera 

may have one or more sensors for generating a depth image 
and may also have an RGB camera. In some embodiments, 
the ?eld of view is re-oriented based on the depth image. The 
position of the sensor(s) may be altered to change the ?eld of 
view automatically based on an analysis of objects in the 
depth image. The re-orientation process may be repeated until 
a desired orientation of the sensor is determined. Input from 
the RGB camera might be used to validate a ?nal orientation 
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of the depth camera, but is not required to during the process 
of determining neW possible orientation of the ?eld of vieW. 
Some embodiments may be practiced Within a motion cap 

ture system. Therefore, an example motion capture system 
Will be described. However, it Will be understood that tech 
nology described herein is not limited to a motion capture 
system. FIG. 1A depicts an example of a motion capture 
system 10 in Which a person in a room (or other environment) 
interacts With an application. There may be other objects in 
the room, such as a table 9, lamp, sofa, etc. 

The motion capture system 10 includes a display 196, a 
depth camera system 20, and a computing environment or 
apparatus 12. The depth camera system 20 may include an 
image camera component 22 having a light transmitter 24, 
light sensor 25, and a red-green-blue (RGB) camera 28. In 
one embodiment, the light transmitter 24 emits a collimated 
light beam. Examples of collimated light include, but are not 
limited to, Infrared (IR) and laser. In one embodiment, the 
light transmitter 24 is an LED. Light that re?ects off from the 
listener 8, objects 9, Walls 35, etc. in the ?eld of vieW 6 is 
detected by the light sensor 25. Light that is collected by the 
light sensor 25 may be used to generate a depth image. In 
some embodiments, the system 10 uses the depth image to 
determine hoW to re-orient the depth camera 20. 
A user 8 stands in a ?eld of vieW 6 of the depth camera 

system 20. Lines 2 and 4 denote a boundary of the ?eld of 
vieW 6. A Cartesian World coordinate system may be de?ned 
Which includes a Z-axis, Which extends along the focal length 
of the depth camera system 20, e.g., horizontally, a y-axis, 
Which extends vertically, and an x-axis, Which extends later 
ally and horizontally. Note that the perspective of the draWing 
is modi?ed as a simpli?cation, as the display 196 extends 
vertically in the y-axis direction and the Z-axis extends out 
from the depth camera system 20, perpendicular to the y-axis 
and the x-axis, and parallel to a ground surface on Which the 
user stands. 

Because the ?eld of vieW 6 may be limited, it may be that 
some of the objects are either only partially in the ?eld of vieW 
6, or completely out of the ?eld of vieW 6. For example, the 
user 8 might be partially or completely out of the ?eld of vieW 
6. In some embodiments, the ?eld of vieW 6 may be adjusted 
such that objects that are partially or completely out of the 
?eld of vieW 6 can be captured by the depth camera 20. In one 
embodiment, the depth camera 20 has a motor that alloWs the 
light transmitter 24, light sensor 25, and a red-green-blue 
(RGB) camera 28 to be moved to change the ?eld of vieW 6. 
Note that the depth camera 20 may generate tWo images: a 

depth image and an RGB image. The depth image may be 
generated based on light collected at the light sensor 25. The 
RGB image may be generated based on light collected at the 
RGB camera 28. Since each image may be generated from 
light collected at a different sensor, it is not required that the 
?eld of vieW of each image be exactly the same. It may be that 
?eld of vieW associated With the depth image is Wider or more 
narroW than the ?eld of vieW associated With the RGB image. 
HoWever, in some embodiments, the ?eld of vieW of the depth 
image and the RGB image may have substantial overlap such 
that data from the depth image may be correlated to data from 
the RGB image. In some embodiments, changing the orien 
tation of the ?eld of vieW of one image also results in a change 
in the orientation of the ?eld of vieW of the other image. For 
example, if the depth camera 20 Were to be tilted upWard, then 
the RGB camera 28 and the light sensor 25 may be moved by 
a similar amount. 

Generally, the motion capture system 10 is used to recog 
niZe, analyZe, and/or track an object. The computing environ 
ment 12 can include a computer, a gaming system or console, 
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4 
or the like, as Well as hardWare components and/or softWare 
components to execute applications. 
The motion capture system 10 may be connected to an 

audiovisual device such as the display 196, e.g., a television, 
a monitor, a high-de?nition television (HDTV), or the like, or 
even a projection on a Wall or other surface, that provides a 
visual and audio output to the user. An audio output can also 
be provided via a separate device. To drive the display, the 
computing environment 12 may include a video adapter such 
as a graphics card and/or an audio adapter such as a sound 
card that provides audiovisual signals associated With an 
application. The display 196 may be connected to the com 
puting environment 12 via, for example, an S-Video cable, a 
coaxial cable, an HDMI cable, a DVI cable, a VGA cable, or 
the like. 

FIG. 1B depicts a side vieW of an example motion capture 
system 10 in an environment such as a room. The ?eld of vieW 
6 of the depth camera system 20 is de?ned by lines 3 and 5. 
The user 8 is partially Within the ?eld of vieW 6. The depth 
camera system 20 may be tilted up to capture the user’s head 
Within the ?eld of vieW 6. For a smaller user (not depicted in 
FIG. 1B), the depth camera system 20 might be titled doWn to 
capture more of the user’s loWer body, While still capturing 
the user’ s head. The depth camera system 20 is presently at an 
angle that alloWs part of the ?oor 39 to be captured; hoWever, 
none of the ceiling 41 is captured. The depth camera system 
20 could be tilted up or doWn to capture more of either the 
?oor 39 or ceiling 41. In this example, the display 196 rests on 
a stand 197. The depth camera system 20 has a base 50 and 
main body 40. The base 50 rests on the computing environ 
ment 12, in this example. However, the base 50 might be 
placed on any surface. 

FIG. 2A depicts an example block diagram of the motion 
capture system 10 of FIG. 1A or 1B. The system 10 includes 
a depth camera system 20 and a computing environment 12. 
The computing environment 12 inputs depth information and 
RGB information from the depth camera system 20 and may 
output a sensor signal. Note that hardWare executed imple 
mentations, as Well as mixed softWare/hardWare implemen 
tations, are also possible. 
The depth camera system 20 may be con?gured to generate 

a depth image that may include depth values. The depth 
camera system 20 may organiZe the depth image into “Z 
layers,” or layers that may be perpendicular to a Z-axis 
extending from the depth camera system 20 along its line of 
sight. The depth image may include a tWo-dimensional (2-D) 
pixel area of the captured scene, Where each pixel in the 2-D 
pixel area has an associated depth value Which represents 
either a linear distance from the image camera component 22 
(radial distance) or the Z component of the 3D location 
vieWed by the pixel (perpendicular distance). 
The image camera component 22 may include a light trans 

mitter 24 and one or more light sensors 25 to capture intensity 
of light that re?ect off from objects in the ?eld of vieW. For 
example, depth camera system 20 may use the light transmit 
ter 24 to emit light onto the physical space and use light sensor 
25 to detect the re?ected light from the surface of one or more 
objects in the physical space. In some embodiments, depth 
values are determined based on the intensity of light. For 
example, over time more and more photons reach a given 
pixel. After a collection period, the intensity of light at each 
pixel is sampled. The depth values in the depth image may be 
determined based on the intensity of light at each pixel. In 
some embodiments, the light transmitter 24 transmits pulsed 
infrared light. In some embodiments, the light is modulated at 
desired frequency. 
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The red-green-blue (RGB) camera 28 may be used to cap 
ture a visible light image. The depth camera system 20 may 
further include one or more microphones 30, Which includes, 
e.g., a transducer or sensor that receives and converts sound 

Waves into an electrical signal. Additionally, the microphone 
30 may be used to receive audio signals such as sounds that 
are provided by a person to control an application that is run 
by the computing environment 12. The audio signals can 
include vocal sounds of the person such as spoken Words, 
Whistling, shouts and other utterances as Well as non-vocal 
sounds such as clapping hands or stomping feet. In some 
embodiments, the microphone 30 is a microphone array, 
Which may have any number of microphones running 
together. 

The depth camera system 20 may include logic 31 coupled 
to the image camera component 22. In this embodiment, the 
logic 31 includes a processor 32 that is in communication 
With the image camera component 22. The processor 32 may 
include a standardiZed processor, a specialiZed processor, a 
microprocessor, or the like that may execute instructions 
including, for example, instructions for generating a sensor 
signal. 
The depth camera system 20 may further include a memory 

component 34 that may store instructions that are executed by 
the processor 32, as Well as storing images or frames of 
images captured by the RGB camera, or any other suitable 
information, images, or the like. According to an example 
embodiment, the memory component 34 may include ran 
dom access memory (RAM), read only memory (ROM), 
cache, ?ash memory, a hard disk, or any other suitable tan 
gible computer readable storage component. The memory 
component 34 may be a separate component in communica 
tion With the image capture component 22 and the processor 
32 via a bus 21. According to another embodiment, the 
memory component 34 may be integrated into the processor 
32 and/or the image capture component 22. 

The depth camera system 20 may be in communication 
With the computing environment 12 via a communication link 
36. The communication link 36 may be a Wired and/or a 
Wireless connection. According to one embodiment, the com 
puting environment 12 may provide a clock signal to the 
depth camera system 20 via the communication link 36 that 
indicates When to capture image data from the physical space 
Which is in the ?eld of vieW of the depth camera system 20. 

Additionally, the depth camera system 20 may provide the 
depth information and images captured by the RGB camera 
28 to the computing environment 12 via the communication 
link 36. The computing environment 12 may then use the 
depth information, and captured images to control an appli 
cation. For example, as shoWn in FIG. 2A or 2B, the comput 
ing environment 12 may include a gestures library 190, such 
as a collection of gesture ?lters, each having information 
concerning a gesture that may be performed (as the user 
moves). For example, a gesture ?lter can be provided for 
various hand gestures, such as sWiping or ?inging of the 
hands. By comparing a detected motion to each ?lter, a speci 
?ed gesture or movement that is performed by a person can be 
identi?ed. An extent to Which the movement is performed can 
also be determined. 

The computing environment may also include a processor 
192 for executing instructions, Which are stored in a memory 
194 to provide audio-video output signals to the display 
device 196 and to achieve other functionality. 

FIG. 2B depicts an example block diagram of the motion 
capture system 10 of FIG. 1A or 1B. The system 10 includes 
a depth camera system 20 and a computing environment 12. 
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In this embodiment, the logic 31 coupled to the image capture 
component 22 includes circuitry 35. The circuitry 35 may be 
considered to be a hardWare implementation. The circuitry 35 
may perform similar tasks as the processor 32 of the embodi 
ment of FIG. 2A. Note that in some embodiments the logic 31 
is a mixed hardWare/softWare implementation. 

FIG. 3 is a perspective vieW of one embodiment of a depth 
camera system 20. In this embodiment, the depth camera 
system 20 has a main body 40 that is connected to a base 50 
by an arm 52. The base 50 may contain a motor 307 that is able 
to move the position of the arm 52 in order to move the 

orientation of the main body 40. Therefore, the orientation of 
the sensors (e.g., light collector 25, RGB camera 28) may be 
adjusted. Note that the orientation of the light transmitter 24 
may also be adjusted in unison With the sensors. The bottom 
of the arm 52 may be connected to the motor 307 such that the 
arm 52 may be moved by the motor 307. The top of the arm 52 
may be ?xed to the main body 40. 

FIGS. 4A-4C depict side sectional vieWs of the depth cam 
era system 20 of FIG. 3, taken along line A-A'. FIGS. 4A-4C 
shoW that the main body 40 may be tilted relative to the y-Z 
axis such that the sensors’ ?eld of vieW may be adjusted. 
Several angles 61, 62, and 63 With respect to the y-Z axis are 
depicted in FIGS. 4A-4C respectively. 
The main body 40 may have an accelerometer 42 to alloW 

the position of the main body 40 relative to the y-Z axis to be 
determined. For example, the accelerometer 42 may alloW the 
angle 6 to be determined. In some embodiments, one or more 
of the sensors is used to determine the position of the ?oor to 
assist in determining the position of the main body 40. If the 
?oor is not visible due to the orientation of the main body 40, 
the orientation of the main body 40 may be determined based 
an accelerometer readings. 

FIGS. 4A-4C shoWed hoW the main body 40 could be titled 
up and doWn relative to the y-Z axis (note that this may be the 
same y-Z axis depicted in FIG. 1A or 1B). The main body 40 
could also be titled relative to the Z-X axis of FIG. 1A. From 
the perspective of a user in the room, this may alloW moving 
the sensors 25, 28 to the left or right. FIGS. 5A-5C shoW top 
vieWs of the depth camera system 20 of FIG. 3. FIGS. 5A-5C 
shoW three example angles at Which the main body 40 might 
be positioned in order to orient the sensors 25, 28 to move the 
?eld of vieW relative to the Z-X axis. 

In FIGS. 5A-5C the top vieW shoWs the main body 40 in 
solid lines. Dashed lines are used to represent the light trans 
mitter 24, light sensor 25, and red-green-blue (RGB) camera 
28 in the main body 40. Dashed lines are also used to repre 
sent the base 50 and arm 52. The motor in the base 50 may be 
used to rotate the arm 52 in order to move the main body 
relative to the Z-X axis. Several angles (X1, (x2, and (X3 With 
respect to the Z-X axis are depicted in FIGS. 5A-5C respec 
tively. 

FIG. 6A is a ?owchart of one embodiment of a process 600 
of orienting one or more sensors to track a user 8. The process 

600 may be implemented by the motion capture system 10, 
but another device may be used. At least some steps of process 
600 may be performed by the logic 31 in the depth camera 20. 
As an alternative, process 600 may be performed by the 
computing environment 12. The process 600 may be used to 
move the position of the depth camera system 20 and/or the 
image camera component 22 in order to orient the sensor or 
sensors (e.g., light sensor 25, and RGB camera 28). A light 
transmitter 24 that Works in connection With the light sensor 
25 may also be oriented during process 600. For purposes of 
discussion, an example Will be described herein in Which 
sensors 25 and 28 are oriented. HoWever, it Will be understood 
















